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© Diversity transmission strategy in mobile/indoor cellular radio communications. 



© 

In a mobile cellular communication system, a 
base station is wired to a Local Area Network (LAN), 
and has wireless communication with a plurality of 
mobile stations. Multipath fading is substantially re- 
duced in the system by utilizing antenna diversity 
techniques at the base station and each of the 
plurality of mobile stations. The combination of the 
independent operation of antenna selection diversity 
at both a base station and a mobile station results in 
the selection of the best propagation path between 
the two stations. 
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Field of the Invention 

This invention relates generally to data commu- 
tations v,a radio, and in particu.ar to the probtem 

1Z T fadin9 - S P ecifica »V. a combination of 
antenna d.vers.ty techniques is utilized at both a 
base station and a mobile station in a dynam^ey 
to m,t,gate the effects of mu.tipath fading in "he 
data transmission process. 



Background of the Invention 



svstim ™ b " e/indoor ce,lu »ar radio communication 
system, a base station usual.y communicates with 
multiple mob,.e stations and functions as a bridge 
between mobiles and .andline networks such as 
Local Area Networks (LANs). One of the major 
Zt'T " rad ''° c — cation envTron 

Zi;tVtechn U,tiPath : adin9 P he — n. Antenna 
divers.tytechn.ques have been used to mitiqate 
h,s mu.t,path fading phenomenon. However Ser 

T^T 9 W reCeiV,ng ante ™ a diversfty TcZ 
mques have been utilized in the past These ech 
niques have been uti.ized in a number of Z ^' 
each hav.ng certain advantages and disadvantages 

burst mod« t! 761 822 t0 Mai,e discl °ses a 
burst-mode two-way communication system in 
which a plurality of transceivers at a base stetion 
share a common antenna arrangement Tne CO m 
man antenna arrangement consists of a Xali* of" 
antenna branches and antenna branch se eSS t 
TelZl !"° Perative base nation transceiver with 
S t;anrceter reCe,Ved **" '™ a 

,.J S - Patem 4,953,197 to Kalwell, Jr. et al dis- 
closes a spatial diversity system in which a post- 
detection selection diversity scheme is used Se 
selection criteria are link quality AGC toil I„h 
parity check errors. The main emphaS is on radio 
telephone communication applications 

a s^tchinf 0 * f '° 65,4 " t0 G ° rdon et al Closes 
a sw.tch.ng antenna diversity scheme in which 

each antenna is coupled with circuitry to measure 
T»JTT ne ° US and averaoe Reived TnS 

thrLft? * , S6,eCted antenna f a"s below a 
threshold calculated from the average value AnTen 
nas are also switched if no switching occurs du fno" 
a predetermined elapsed time. After the switch a 
measured signal strength value is compared with 
he previous value and the system switches baS 

assio U ned to'Th 5 ' ,23 '° 29 * Bant2 et al is 
IS V° 6 of this invention dis- 

ZTs^Is COntro " ed ac — and random ac- 
cess schemes us.ng frequency hopping spread 
spectrum communications technqiues !tj JETS 



^plemented in an indoor digital data rad.o com- 
mun.cat.on system between mobile stations and a 
computer system. A hop in the frequency hoppino 
spread spectrum, communication system 7s s 2 
5 dmded into two interval so that different media- 
protoc S or° tOCO,S ^ be US6d in each mtervaT. ? he 

rn7erva? an S d eS a a H Centra,,2ed C ° ntr ° ! SCheme in °- 
mterva and a decentralized scheme in the other 

>o load of Z T may 66 Varied de P endi "9 on the 
road of the system. U.S Patent * 101 noo • 

porated herein by reference ' * mC ° r - 

According to the present invention, both trans- 

a" dTnam T'™ 9 

;s 2 T I V C ° mbined and c °°rdinated to com! 

'* bat the mult.path fading phenomena in a wireleTs 
rad.o communications system. That is. the inven 
ton « directed to a strategy for combining the USe 

stJL ° n antenna diversit V technique at a 
stationary un.t such as a base station, and a seTec! 
» too or switching antenna diversity technique 

remote station efficiently, for data packet ?a nS m S 
s-on ,n a wireless radio communications syaem 



25 



Disclosure of the Invention 



In a mobile/indoor cellular radio communication 
env,ronment antenna diversity techniques'^ 
at both a stationary unit such as a base station 
a mobile station in a cooperative way A selection 
IT™ ^'^tation is used at^ase 

re "aS T ante -^nsceiver branch" 
are available and post-detection selection can be 
performed. The se.ection antenna diversity ^ ple ! 
3S ZTc H ^ ^ US6d f ° r 6ither ™cro-diverS * 

setc«;n V str^ PUrpOS6S - A >eferred 
selection strategy ,s implemented at the base ste 

.on to select the transmitting antenna The ^,2 

•on ,s based on the result of the most recent daTa 

preferred antenna". A switching antenna diversitv 
jmplementation is used at a mobile station where 

<» SSe **Tr r COnnected by a switch Jo a 
single rad.o transceiver. In this method a "ore 

ITS mooi na ; se, r tion strateoy is &£*sz 

at the mobile to select the antenna. The selection 
-s based on the result of the most recede 

so u~ "anoth 6 ^ ^nist 
-n?ff! } ef antenna is Elected as the 

for hoTf amenna " The Preferred an ^na is us^d 
for both transmission and data reception A s^E 

seVTa'mto 9 ;^ '^^n may^e 

mobile station to safew * . 

. 10 Se,ect the transmitting antenna. 
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The selection is based on the result of the most 
recent data transmission or reception. Received- 
data quality is measured at each anten- 
na/transceiver branch and the information is used 
in the selection or the "preferred antenna". Also, an 
integration of both the time diversity concept and 
the antenna diversity concept at both a base and a 
mobile station may be utilized to select the "pre- 
ferred antenna" and utilize both the reciprocal and 
the quasi-static properties of a mobile/indoor radio 
propagation channel. 

Brief Description of the Drawings 

FIG. 1 is a block diagram of an antenna 
switching diversity system; 

FIG. 2 is a block diagram of an antenna se- 
lection diversity system; 

FIG. 3 is a block diagram of a stationary 
station controller; 

FIG. 4 is a flow chart of a stationary station 
controller's actions upon transmission 
from a base station to a mobile sta- 
tion; 

FIG. 5 is a block diagram of a mobile station 
controller; and 

FIG. 6 is a flow chart of a mobile station 
controller's actions upon transmission 
from a mobile station to a base sta- 
tion. 

Description of the Preferred Embodiment 

In the following description, the terms station- 
ary unit and base station are used interchangeably. 
The invention is directed to a strategy to use both 
base station antenna diversity and mobile station 
antenna diversity in a cooperative way in a mobile 
cellular radio communication system. Two kinds of 
antenna diversity techniques are considered. The 
first kind of antenna diversity technique is selection 
antenna diversity. By "selection antenna diversity" 
it is meant that at a station there are several 
separate radio transceivers connected to separate 
antennas which are separated at least by a "fading 
coherence distance". The "selection" is performed 
after demodulation and packet buffering when re- 
ceiving a packet. This means that a station with 
multiple antennas receives multiple copies of every 
packet and can choose the good one instead of the 
bad ones. In the following, it is assumed that a 
base station uses only selection antenna diversity. 

The second kind of antenna diversity is switch- 
ing antenna diversity. By "switching antenna diver- 
sity" it is meant that at a station there is only one 
radio transceiver and the transceiver is connected 
to a switch which leads to separate antennas. In 
this case, a station receives only one copy of every 
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packet from its selected antenna. In the following, it 
is assumed that a mobile station can use either 
switching antenna diversity or selection antenna 
diversity. 

s There are two applications of antenna diversity: 

micro-diversity, in which the antennas are close 
together, and macro-diversity, in which the anten- 
nas are far apart. Micro-diversity combats multipath 
fading; macro-diversity has a dual role in combat- 

10 ting multipath fading and shadowing (the situation 
in which a good path does not exist due to obstruc- 
tion). The antenna and radio transceiver combina- 
tion at a base station can be treated as a single 
unit and the unit can be deployed for either micro- 

75 diversity or macro-diversity purpose. On the other 
hand, only a micro-diversity scheme is used at a 
mobile station. 

The idea of using antenna diversity is that if a 
signal received at one antenna is affected by mul- 

20 tipath fading or shadowing, a signal at another 
antenna may not be. This depends on the antennas 
being sufficiently separated in space or orientation. 
Measurements have indicated that separation by 
more than half a wavelength, or orthogonal orienta- 

25 tion, is sufficient to ensure that the received signals 
be uncorrected for achieving micro-diversity. 

The following is a general description of the 
invention with respect to two described Cases, with 
a detailed description following. 

30 

Case I 

First, a case is considered in which two-branch 
selection antenna diversity (two antennas and two 
35 radio transceivers) is available at a base station 
and two-branch switching antenna diversity (two 
antennas and a single radio receiver) is available at 
a mobile station. The case of more than two 
branches at either a base station or a mobile sta- 
40 tion can be easily generalized from the following 
discussion and is not detailed here. 

In the situation where a base station has mul- 
tiple diversity antennas a method must be provided 
for the use of diversity when the base station 
45 transmits to a mobile station. The method used is 
called "time diversity." A base station maintains in 
its memory a "preferred antenna" choice and up- 
dates that choice as follows: 

1 . When a mobile station transmits a data pack- 
so et to the base station, the base station records 
which of its two antennas was the more suc- 
cessful in receiving the packet. Here, "more 
successful" means a successful reception of a 
data packet with higher received signal energy. 
55 If both receptions are unsuccessful, there is no 
change of the preferred antenna. If both are 
successful, the antenna with a higher received 
signal energy becomes the preferred antenna. If 

3 
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both ends, 3?„ the S ^ Same from 
a 22t "J"" tranSmiSSi0n and 

Preferred antenna, .n this case 2**1 ^ ** 
Preferred antenna is changed ' ° ^ ° f 

"ns^rThe-^ 

antell^tc^ ^ the prefe - d 
which the most ^LSTS!" ° be an,enna ° n 
success*. ~ r222 n T 0n ° r reC6Pti0n is 
acteristics of the oath k 6 propa 9 atio " char- 
Any assumptions^T wh^T^ 
the preferred anLnJ k J antenna shou| d be 
more thanTfew m ?.f ^ 0n info ™«°" that is 
be relevant m " ,,Seconds «*l are not ,i keIy to 

ferrea antenna SB * on usm 9 •» W- 

antenna is changed * ~' the prefe " ed 

statio^n^Crta/^ 69 ^ ^ *» mob »* 

-tcng ^r a r n r\ b e e rrr t,y 

other hand the ™k? 0 " ° f On the 

'erred antenna" a T c ? ^ Ch °° Ses its "Pre- 

transmits on ThrnTch? T* * th6 resu,t °"<» 
on. The mob,le station always uses its 



Case II 



select; a^n?drrsi?r IWH " n * 
radio transceivers) iS ■T.ttTV" *° 
«on and a mobile station fnt , , baSe Sta ' 
- two branches at both stations caTbe T than 
era.i 2 ed and is not discussed here V 9en ' 

^^^^^^ 
the one discussed in oasl I ~L ^ 38 
'5 mobile station selection J ? operation of 

is analogous to tte ooTJ diVerSity Scheme 

mobile station uses anr, : ' n 6386 Stati0f1 - A 
tenna" choice ^ £Sj£!* «■ 

- et 2^sr£ tra r its a data — 
wh^ of hi iSr^^^-*-* 

cessfu. in receiving the packTi T° SUC ' 

antenna. Ses the Preferred 

- of Te^ZuZ I 3 " ° n ackno ^9es receipt 

* case, the choie G f antenna ,n tnis 

changed. ° f Preferred »«enna. is 

, 4 s no? 6 acknovvted 9ement from the base station 
>s not rece vpd th* ~*~ui ac siaiion 

data packet on 6 station r etries the 

beconS the ori ? Sr antenna ' which 

^r^ri": the ° ase 

exhausted the retr y cour >t is 

the end of packet 5 determined at 

^ this i£Zrszz Trr means 

computation of an «rr«f J SUCCess or fa ''ure of the 
sum in genera. ,r!r teCtin9 COde " or ch «*- 
« means of 9 E££l ? ! P ° Werful and ^tive 
*s more • 
received signal strength becauS * measu ™9 
sisals may be 
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tipath distortion. 

In FIG. I there is shown two antennae 1 and 2, 
an antenna switch 3, a radio transceiver 4 and a 
controller 5. This illustrates "switching diversity", a 
technique wherein signals from a plurality or anten- 5 
nae are switched to a single radio transceiver un- 
der the control of a controller. The transceiver 4 
signals the controller 5 at the completion of each 
packet reception. The signal indicates whether the 
packet was successfully received or not. The con- 10 
troller switches between a plurality of antennae 1 ,2 
by controlling the antenna switch 3. In order not to 
corrupt the reception of a packet, the controller 
may switch antennae only between packet recep- 
tions, not during the reception of a packet. 75 

Packet transmission using switching diversity 
requires the selection of the transmitting antenna 
by the controller 5 controlling the antenna switch 3. 
This selection must be done before the controller 
initiates packet transmission and the switch setting 20 
must not be changed until the entire packet has 
been transmitted. 

In FIG. 2 there is shown two antennae 10 and 
11, two radio transceivers 12 and 13. two buffers 
14 and 15, a selector 17, and a controller 16. This 25 
illustrates "selection diversity," a technique wherein 
independently received packets are checked for 
correctness and only the correct packet is selected 
by the controller for transmission to the rest of the 
data communications system. The received pack- 30 
ets are buffered in their entirety in buffers 14 and 
15, respectively. The transceivers 12 and 13 signal 
the controller 16 at the completion of each packet 
reception. The signal indicates which, if any, of the 
transceivers 12 and 13 successfully received the 35 
packet. The controller 16 switches between the 
buffers 14 and 15 to supply the correct packet to 
the data communications system. 

Packet transmission using selection diversity 
requires the selection of which transceiver 12 or 13 40 
is to transmit the packet before packet transmission 
is initiated. This selection is performed by the 
controller 16 using means which are described in 
detail later. Either or both of the transceivers may 
be selected. The packet to be transmitted is loaded 45 
into buffers 14 and 15 before transmission is ini- 
tiated. In an alternative embodiment it may be 
possible for both transceivers 12 and 13 to share a 
single buffer for transmission. 

The invention described herein consists of con- 50 
trol means for controlling both switching and selec- 
tion diversity. A given system may consist of units 
with all switching diversity, all selection diversity, or 
a combination of both. In the preferred embodi- 
ment, stationary units such as base stations which 55 
are used to bridge between wireless and wired 
data networks use selection diversity, while mobile 
units such as mobile stations use switching diver- 
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sity. Again in the preferred embodiment, mobile 
stations transmit only to base stations, while base 
stations transmit to all mobile stations in their vi- 
cinity. 

In FIG. 3 is shown a base station controller 16 
which provides signals on lines 20 and 21 for 
selecting which base station transceiver 13 or 12, 
respectively, is to transmit to mobile stations, sig- 
nals on lines 24 and 25 to select which buffers 14 
or 15, respectively, should be used for transmis- 
sion to the rest of the data communication system, 
and signals 22 and 23 from the base station, tran- 
sceivers 12 and 13, respectively, indicating their 
respective success in receiving packets. Also 
shown is a preferred transceiver table 30 in the 
memory of base station controller 16 which records 
which transceiver is preferred for transmission to a 
particular mobile station. The table 30 shows, for 
example, that the preferred transceiver for transmit- 
ting to mobile station 210 is transceiver 12. 

When a packet is received, the base station 
controller 16 receives signals on either line 22 or 
line 23 or both. In response to these signals the 
base station controller 16 activates either line 24 or 
25. If both line 22 and 23 are active, the base 
station controller 16 may activate either line 24 or 
line 25. In general, it may not activate both lines. 

Each time a packet is received, the base sta- 
tion controller 16 may update the preferred tran- 
sceiver table 30 of the base station controller 16. If 
only one of the base station transceivers 12 or 13 
was successful in receiving the packet (only one of 
lines 22 and 23 is active) the preferred transceiver 
table 30 entry is checked to see if the signal 
corresponds to the current preferred transceiver as 
recorded in the preferred transceiver table 30. If it 
does not, the preferred transceiver table 30 entry is 
updated. 

FIG.4 is a flow chart which shows the actions 
of the base station controller 16 upon transmission 
to a selected mobile station i. The base station 
controller 16 first examines the preferred base sta- 
tion transceiver table 30 at block 40. If mobile 
station i has not been transmitted to before, the 
base station controller 16 makes a new entry into 
the preferred base station table 30 at block 41 with 
the mobile station number i and with a randomly 
chosen preferred transceiver. The preferred base 
station transceiver is chosen randomly in order to 
equalize the loading on the base station trans- 
ceivers. If a specific base station transceiver were 
always chosen as the first preferred base station 
transceiver, that base station transceiver would be 
used more frequently and might fail more often. 
Once an entry is found in the preferred base sta- 
tion transceiver table 30 that entry is accessed at 
block 42 to determine the preferred base station 
transceiver for transmission to the mobile station. A 



retries. 6re ,s a '"™ on transmission 

--^nri^^ » toe mobile 
transceiver. The preferred ^ baSe Sta,io " 
«■ the* switched ^ Reiver 

*now,edgement from th e Lh , t0 "** *" ac ' 
45 - « no acknowie^Tt ! e ! tati0n * b '° ck 
specified tim e , the reV™ ' S . rece,v ed within a 

*** «* » the et^o^ I deCreme ^ at 
-ndicative fhat the contX e ^ th ' S is 
transmit to the mob.te £J! h3S attenipted to 
number of times withou! succe , 2 predetermi ned 
an indication of its faUuL n r ' and then re turns 
the data commu^^"* ^ ° f 
'« not then zero, the tZl ♦ ' 1,16 retr ^ c °unt 
changes the preferred b « COn,ro " er ™ 

*y tor the selected mobS stT 0 " 
transceiver tab.e 30 aTb^'!" ' "J* prefe "* d 
block 44 and attempts re^i " then retur(1s *° 
or transceiver. retr ansm IS sion with the oth- 

base station contrS Te'^ 31 b ' 0Ck 49 ' ,ha 
access on fine 50 to the ZZ th an ; ndicati ° n °f 
n.cation system The hLf L ° 6 data c °mmu- 
then checks to^ee if If ? tfon COntro ' ter 16 
transceiver was eS e r on S*"? base Nation 
receive the acknoS ge m e ° ' the ° n,y on * to 
51 - 'f it was the only one no" rt f Sb ° Wn at b 'ock 
' 1 was not the oniy o ne tL h ' CUon is "«"■ 
'-.16 changes the p7Je^ ^ ^ COntro '- 
sce-ver entry in the prefe 2 J" ^ tran " 
sce.ver table 30 at block £Z J™* Station te- 
station before indicating s'ccSs Se ' 6Cted m ° b,le 

shown in FIG. 4 has thl !>« J the Pressing 
station transceiver wh ^h 1° " US,ng ,he base 
reiving data from T^seS^ 0 * succ *ssful in 
the transceiver on wWch ! d m ° b " e stati on as 
attempted. ,f no XcSSLS^"^ Wi " be 
base station conCe7 e ^ " received - ^e 
alternately. 6r 16 tr,es either transceiver 

Wit »s>9™^ droller 5 

mobile station antenna 1 Qr P Ch C ° ntro ' " hic » 
. 'ected for transmission and J^ PeCtiVe ' y ' is s e~ 
°" «ne 57 from th ^ ^J*". and a signal 
indicating that the laTnLT transcei *er 4 
success. Also shown is reception was a 

means such as a reaLi* ?! * Station borage 
number of the cST It'" ? C ° ntainino ^ 
antenna. The cunJ^SS^ hT" 6 **« 
tenna is antenna 1. pre,erre d mobile station an- 

-ntZ e r n 5 a irs^r"* 

acknowledgement using 



EP0 622 9lt A2 



10 



' Ep — 06229, ,A2_ L> 



ister or table 58. SinceZ antenna 'eg. 

a °'e after p ac k e( ™* on V information avail 

• was received successTu ° y by ^TV" P3Cket 
that information i s not * fne mob "e station, 
Aether the packet S " 0, , Suff,c, ent to detenmine 

^tion, or whether' Z J^T'^ ^ the b ™ 
ence. so the Preferred ^ sT^ n °' Se ° f ' nt ^ 
10 sw,tched at this time. anter,na is not 

- the mobile statn SSSfJ *T *• «*« 
3 Packet to the base station T transmis sion of 
nubile station is aZTtlVT^ 0 " fr0 ™ * 
» the purred mobile Son 2 ^ Stati ° n " Firs t 
•nspected at block 60 to Si 3 reQister 58 * 
a currently p^rreS there is 

the mobile station an^oo h ° n antenn a- tf not 
b'ock 61 and iT num t r ' S Ch ° Sen ^ndomly at 
- mobiie station ante^a re^at t ^ 
Preferred mobile station amL e ' ther event a 
b'ock 62. a retry ante :: a « selected at 

Predetermined count a, b,oc k 63 "T' 3 "'^ to a 
on transmission retries anH I there is a ,im it 
« transmitted at block J' 1" Packet is then 
waited for at block 65 n T n aCknow,e dgement is 
received within a specified acknow,ed 9ement is 
bite station confro,^ ' 5 Pf «he mo- 
success on line 66 to the Test™, JT ,ndica «on of 
^ n,cation syste m. „ ™ °\ me d ata commu- 
cremented and tested 1«J ^ COun t is de- 
^ero. the mobile l 9a,nst 2ero at block 67.^ 

Wed the maxi m ltrbe? O oM 0 ' ter 5 haS a,read V 
Packet, and returnsT^H *' meS to tra nsmit the 
35 rest of the data L ' nd,Cat,on of failure to the 
However, if Z^™^'™«» °n line J 
. of the preferred mobile sta Ln ' the COntents 
table 58 are changed to setec^ "* T ?* re9ister ° r 
block 69. and a return , s ™ J 6 ° ther anten na at 
40 transmission is attempted aoa" ° 

to block 64. and 

ha, '^%rtrur g r e mS? shown j - ^ • 

which was most SSeZTin antenna 
knowledgement from SJtL T 06 '^ 09 th e ac- 
« bile station antenn on whiS t 3S the mo " 
attempted. If no acknowl^ ,ra nsmission will be 
^ base ^I^STf '* reCeived from 
t^ either antenna ?h °" C ° ntr0 ' ,er wi « 

the processing shownTn F S \ J** com bination of 
» together with the pro^s S no 1°' ^ 5356 stati °". 
the mobile station S s "I Sh ° Wn in F,G - 6 for 
na^ransceiver pair Tl£ J2 ^ Un- 
successful p ar . The base st^L ' S tne most 
station transceivers if ne c * bas& 
55 On reception, the m b T al V 0n ^nsmission. 
station antennas if necessary SWtCheS m ° bite 

stations are structured 
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as in FIG. 2, with selection diversity. In this case, 
the function of the mobile station during packet 
reception is similar to that described above for a 
base station. If one of the transceivers is successful 
in receiving a packet and the other is not, the 5 
success is recorded in the preferred antenna regis- 
ter 58 of the modified controller 5. (The controller 
must be modified so as to accept signals on lines 
22 and 23 and to generate signals on lines 20 and 
21, and lines 24 and 25.) The function of the 10 
mobile station is the same as depicted in FIG. 4, 
except that it is not necessary to look up the 
destination unit in a table. The preferred transceiver 
register 58 contains the number of the transceiver 
to be used. 75 

In another extension of the preferred embodi- 
ment, it may be the case that base station is 
structured as in FIG. 1, with switching diversity. In 
this case, the function of the base station for recep- 
tion is similar to that described above for mobile 20 
stations. The base station controller is similar to 
that of FIG. 5, except that instead of a single 
preferred antenna register 58 there must be a 
preferred antenna table 30. On transmission, the 
function of the base station is similar to that de- 25 
picted in FIG. 6, except for the need to look up the 
preferred antenna in table 30, as in FIG. 4. 

The invention is not limited to radio transceiver 
systems, but can also be used with other wireless 
data communications systems, for example infrared 30 
systems. Such systems do not suffer from mul- 
ti path-induced Rayleigh fading, but if the separate 
infrared transceivers or pickups are located some 
distance from each other and the mobile stations 
are moving, the invention as described, chooses 35 
the best combination of transceivers in the base 
station and mobile stations. 

In summary, a strategy has been described to 
coordinate the use of antenna diversity techniques 
at both a base station and a mobile station such 40 
that the radio system performance degradation due 
to multipath fading can be reduced in mobile/indoor 
cellular radio communications. 

In the strategy, in one instance selection an- 
tenna diversity is used at a base station where 45 
multiple antenna/transceiver branches are available 
and post-detection branch selection is performed 
by the radio system controller/adapter. An anten- 
na/transceiver branch is defined to be a "preferred" 
one if the most recent data transmission or recep- so 
tion is more successful with this particular an- 
tenna/transceiver branch. The preferred antenna is 
always selected for next data transmission. 

On the other hand, either switching antenna 
diversity or selection antenna diversity can be used 55 
at a mobile station. When switching antenna diver- 
sity is used, multiple antennas are connected 
through a switch to a single radio transceiver at the 



mobile station. In this situation, an antenna is de- 
fined as "preferred" if the most recent data trans- 
mission through the antenna is successful. A pre- 
ferred antenna is used for both data transmission 
and reception. 

When selection antenna diversity is used at a 
mobile station, the mobile station operates in a 
similar way as the base station does. An anten- 
na/transceiver branch is defined to be a "preferred" 
one if the most recent data transmission or recep- 
tion is more successful with this particular an- 
tenna/transceiver branch. The preferred antenna is 
always selected for next data transmission. 

By combining the independent operations of 
selection antenna diversity at both a base station 
and a mobile station, the best propagation path 
between the two stations is selected, assuming the 
multipath channel does not change faster than the 
speed at which the preferred antennas are dynam- 
ically chosen. 

Claims 

1. In a diversity transmission system for wireless 
radio communications between a base station 
and at least one mobile station, the combina- 
tion of: 

at least two antennas at each of said base 
station and said at least one mobile station for 
transmission of data between the respective 
stations; 

means for determining which one of said at 
least two antennas receives data most suc- 
cessfully, with this antenna being referred to as 
a preferred antenna; 

a preferred antenna storage means in which is 
stored indica indicative of which antenna is 
determined to be the preferred antenna; and 
a controller at each of said base station and 
said at least one mobile station which is re- 
sponsive to the indica stored in the preferred 
antenna storage means for controlling the 
transmission of data between the respective 
stations by selecting the preferred antenna at 
the respective stations. 

2. The combination claimed in claim 1, including: 
means for changing the preferred antenna if an 
acknowledgement of reception of data isn't re- 
ceived within a predetermined time, or if the 
acknowledgement is received more success- 
fully on another than said preferred antenna. 

3. The combination claimed in claim 2, including: 
means for updating the preferred antenna stor- 
age means to reflect the change in preferred 
antenna. 
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than said preferred transceiver; 
means for updating the indicia stored in said 
preferred base station to reflect the change in 
preferred antenna for said given mobile station; 
at least two mobile station antennas at each of 5 
said plurality of mobile stations for transmis- 
sion of data between said plurality of mobile 
stations and said base station; 
a mobile station radio transceiver located at 
each of said plurality of mobile stations, which 10 
is selectively connected to said at least two 
mobile station antennas; 

means for determining which one of said at 
least two mobile station antennas at each of 
said plurality of mobile stations, receives data is 
most successfully from said base station, with 
this mobile station antenna being referred to as 
a preferred mobile station antenna; 
a preferred mobile station antenna storage 
means in which is stored indicia indicative of 20 
which mobile station antenna is determined to 
be the preferred mobile station antenna; 
means, at each of said plurality of mobile 
stations which is responsive to the stored indi- 
cia in said preferred mobile station antenna 25 
storage means for selectively connecting said 
mobile station radio transceiver to the pre- 
ferred mobile station antenna for controlling the 
transmission of data between a mobile station 
and said base station; 30 
means for signalling a failure at said base 
station when an acknowledgement of reception 
of data is not received from a given mobile 
station following a predetermined number of 
transmissions of the data from said base sta- 35 
tion to said given mobile station; and 
means for signalling a failure at said given 
mobile station when an acknowledgement of 
reception of data is not received from said 
base station following a predetermined number 40 
of transmissions of the data from said given 
mobile station to said base station. 

9. In a diversity transmission system for wireless 

radio communications between a base station 45 
and a plurality of mobile stations, the combina- 
tion of: 

at least two base station antennas at said base 
station for transmission of data between said 
base station and said plurality of mobile sta- 50 
tions; 

a base station radio transceiver which is selec- 
tively connected to said at least two base 
station antennas; 

means for determining which one of said at 55 
least two base station antennas receives data 
most successfully from each of said plurality of 
mobile stations, with this antenna being re- 



ferred to as a preferred base station antenna 
with respect to the mobile station it is receiving 
data from; 

a preferred base station antenna storage 
means, in which is stored indica indicative of 
which base station antenna is determined to be 
the preferred base station antenna with respect 
to each of said plurality of mobile stations; 
means responsive to the stored indicia in said 
preferred base station antenna storage means 
for selectively connecting said base station ra- 
dio transceiver to the preferred antenna for 
controlling the transmission of data from said 
base station to teach of said plurality of mobile 
stations; 

means for changing the preferred base station 
antenna for a given mobile station if an ac- 
knowledgement of reception of data from said 
given mobile station isn't received within a 
predetermined time, or if the acknowledgement 
is received more successfully on a base sta- 
tion antenna other than said preferred antenna; 
means for updating the indicia stored in said 
preferred base station antenna storage means 
to reflect the change in preferred antenna for 
said given mobile station; 
at least two mobile station antennas at each 
one of said plurality of mobile stations for 
transmission of data between said plurality of 
mobile stations and said base station; 
a mobile station radio transceiver located at 
each of said plurality of mobile stations, which 
is selectively connected to said at least two 
mobile station antennas; 

means for determining which one of said at 
least two mobile station antennas at each of 
said plurality of mobile stations receives data 
most successfully from said base station, with 
this mobile station antenna being referred to as 
a preferred mobile station antenna; 
a preferred mobile station antenna storage 
means in which is stored indicia indicative of 
which mobile station antenna is determined to 
be the preferred mobile station antenna; 
means at each of said plurality of mobile sta- 
tions, which is responsive to the stored indicia 
in said preferred mobile station antenna stor- 
age means for selectively connecting said mo- 
bile station radio transceiver to the preferred 
mobile station antenna for controlling the trans- 
mission of data between a mobile station and 
said base station; 

means for signalling a failure at said base 
station when an acknowledgement is not re- 
ceived from a given mobile station following a 
predetermined number of transmissions of the 
data from said base station to said given mo- 
bile station; and 
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ferred antenna; and 

selecting by said controller at each of said 
base stations and said at least one mobile 
station, the preferred antenna for transmission 
of data, in response to the stored indicia in the s 
respective preferred antenna storage devices. 

12. A method of operating a diversity transmission 
system for determining the best wireless com- 
munications path between a base station hav- u 
ing at least two base station antennas and a 
mobile station having at least two mobile sta- 
tion antennas, said method comprising the 
steps of: 

determining which of said at least two base is 
stations antennas received transmitted data 
from said mobile station most successfully, 
with this antenna being referred to as a pre- 
ferred base station antenna; 

storing indicia in a base station storage device 20 
which is indicative of which base station an- 
tenna is determined to be the preferred base 
station antenna; 

responding to the stored indicia in said base 
station storage device for selecting the pre- 25 
ferred base station antenna for transmission of 
data from said base station to said mobile 
station; 

changing the preferred base station antenna if 
an acknowledgement of reception of data is 30 
not received from said mobile station, or if an 
acknowledgement of reception of data is re- 
ceived from said mobile station more success- 
fully on a base station antenna other than said 
preferred base station antenna; 35 
updating the indicia stored in said base station 
storage means to reflect the change in the 
preferred base station antenna; 
determining which of said at least two mobile 
station antennas received transmitted data 40 
from said base station most successfully, with 
this antenna being referred to as a preferred 
mobile station antenna; 

storing indicia in a mobile station storage de- 
vice which is indicative of which mobile station 45 
antenna is determined to be the preferred mo- 
bile station antenna; 

responding to the stored indicia in said mobile 
station storage device for selecting the pre- 
ferred mobile station antenna for transmission 50 
of data from said mobile station to said base 
station; 

changing the preferred mobile station antenna 
if an acknowledgement of reception of data by 
said base station is not received, or if an 55 
acknowledgement is received more success- 
fully on a mobile station antenna other than the 
presently preferred base station antenna; 

11 

BNSDOCID: <EP 062291 1A2_I_> 



updating the indicia stored in said mobile sta- 
tion storage means to reflect the change in 
preferred mobile station antenna; 
signalling a failure at said base station when an 
acknowledgement of reception of data is not 
received from said mobile station following a 
predetermined number of transmissions of 
data from said base station to said mobile 
station; and 

signalling a failure at said mobile station when 
an acknowledgement of reception of data is 
not received from said base station following a 
predetermined number of transmissions of 
data from said mobile station to said base 
station. 
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